N eurological injury is a known risk with cervical spine surgery. Intraoperative neuromonitoring (ION) is often used during cervical spine surgery to detect early neurological injury. Somatosensory-evoked potentials (SSEPs) is the most commonly used ION. 1 It monitors spinal cord function through the ascending sensory pathway and may not detect motor tract injuries. Therefore, SSEPs are often supplemented with motor-evoked potentials (MEPs). MEPs provide a direct measure of the corticospinal motor tract function. MEPs can be especially useful in anterior cervical spine surgery when motor tracts are particularly at risk.
Controversy exists in the utility of routine use of ION for anterior cervical spine surgeries for degenerative conditions without deformity. 2 The decision to use ION for ACDFs is often guided by surgeon choice and experience and there is no consensus on the optimal ION modality to use. Proponents of ION for ACDFs claim that it improves patient safety and functional outcome, while opponents refute this claim by citing increased cost and the lack of correlation between ION abnormalities and postoperative neurological deficits. [3] [4] [5] [6] To date, little has been written on the national practice patterns of ION for ACDFs in patients with degenerative cervical spine diseases. The goal of this study is to (1) evaluate the trends in the use of ION for ACDFs in the United States and (2) assess neurological risk after ACDFs with and without ION.
MATERIALS AND METHODS
A retrospective review was performed using the PearlDiver Patient Record Database (www.pearldiver.com; PearlDiver, Inc., Warsaw, IN) to search through the patient records within the Humana private insurance databases. The PearlDiver database is commercially available and contains deidentified patient data that are Health Insurance Portability and Accountability Act (HIPAA) compliant and allow researchers to construct queries with billing codes to identify patient groupings that meet specified criteria of interest. The raw datasets are filtered by characteristics such as demographic and clinical information. The dataset used in this study spans 2007 through 2014.
Data Collection
The database was used to identify cases of cervical degenerative diseases undergoing ACDF surgery with and without neuromonitoring from years 2007 to 2014 using both current procedural terminology (CPT) and international classification of diseases, ninth revision (ICD-9) codes (see Appendix, http://links.lww.com/BRS/B152). Patients with potentially confounding diagnoses such as traumatic injuries, pathologic fractures, malignant neoplasms, congenital musculoskeletal disorders, inflammatory arthridities, and infections were excluded (see Appendix, http://links.lww.com/BRS/B152). Patients undergoing concomitant posterior cervical fusion/instrumentation or corpectomy were also excluded (see Appendix, http://links.lww.com/ BRS/B152) ( Figure 1 ). 
Statistical Analysis
Chi-square hypothesis testing was used. The STATA statistical software version 11.0 (STATACorp, College Station, TX) was used to perform the analyses. The significance level was set at P < 0.05.
RESULTS
During the study period, 2007 to 2014, 15 ,395 patients underwent ACDF surgery for spondylotic myelopathy and/ or radiculopathy. Overall, ION was used in 2627 (17.1%) of these cases. There was a steady increase in the utility of ION for ACDFs from 22.8% in 2007 to a peak of 32.6% in 2011. However, this was followed by a steady decline to 4.3% in 2014 (P < 0.0001) (Figure 2 ).
Type of Neuromonitoring Modality
Out of a total of 2627 patients who had an ACDF with ION, the combination of SSEPs and MEPs was used in 46.1% 
Neurological Injury
The overall rate of postoperative neurological injuries within 30 days of the index surgery was 0.27% (41/15395). The rate was 0.23% in patients who had an ACDF with ION compared with 0.27% in patients without ION (P ¼ 0.84).
Age
Among patients who had ACDFs, ION was used in 20.3% (408/2009) of patients <45 years of age, compared with 19.3%, 16.6%, 14.3%, and 13.6% of patients in age groups 45 to 54, 55 to 64, 65 to 74, and >75 years, respectively (P < 0.0001) ( 
DISCUSSION
ION has been used since the 1970s for spinal surgeries. 3 ION with SSEPs and MEPs are the two reliable ways to monitor spinal cord function. Before their widespread use, the Stagnara wake-up test served as the only way to intraoperatively assess neurologic function. 7 ION is now used in a variety of spinal operations, including deformity surgery, tumor resection, and trauma. 1 For deformity surgery, a substantial body of literature shows that ION can aid with early detection of neurological injuries that occur with traction, compression, or ischemia of the spinal cord during the deformity correction. [8] [9] [10] [11] A survey showed that the majority of Scoliosis Research Society (SRS) members utilize ION routinely for their spinal deformity surgeries. 12 For cervical spine surgeries such as ACDF, the routine use ION remains controversial and there is no consensus on the optimal neuromonitoring modality to use. In this study, we attempted to answer two questions. First, what is the national trend in the use of ION for ACDFs in the United States? Second, what is the incidence of neurological injuries after ACDFs with and without ION? Using a large administrative database of privately insured patients, we found an overall decrease in the use ION for ACDFs. SSEP is the most common ION modality of choice. Furthermore, age and regional variability exists in the use of ION for ACDFs. Lastly, despite ION having the theoretical advantage of early detection of neurologic injury, in cases of spondylotic myelopathy and/or radiculopathy, the routine use of ION for ACDFs does not decrease the rate of postoperative neurologic complications.
To the knowledge of the authors, there are no studies in the literature on the national trends of ION specifically for ACDFs in the treatment of spondylotic myelopathy/radiculopathy. In a retrospective study of 443,194 patients from the Nationwide Inpatient Sample (NIS) that had a variety of spine procedures, James et al 13 reported that the overall utility of ION was 7.1%, which is lower than the 19.6% observed in this study. For nonspecified procedures involving the cervical spine, ION use increased from 0.6% of all cases in 2007 to 10.5% of cases in 2011, which differs from the decreased trend observed in the current study. There are several reasons that explain this discordance. This present study analyzed a specific patient sample, that is, patients with spondylotic myelopathy and/or radiculopathy who had an ACDF. This patient group is considered ''low-risk'' compared with patients with fractures, tumor, or deformities. There is a growing body of literature against the routine use of ION during ''low-risk'' procedures such as ACDFs. Increased health care cost and a lack of correlation between ION abnormalities and postoperative neurological deficits are two reasons often cited by opponents of ION for ACDFs. In an economic analysis study of 720 patients who had cervical decompression and reconstruction without ION, Traynelis et al 6 reported no persistent postoperative neurological deficits in their series. On the basis of their estimate, the use of SSEPs and MEPs for ION would have cost $633.32 at the hourly rate and incurred a total of $1,024,754 in 2011 US dollars for reimbursement at the 2011 Medicare rate. Furthermore, the additional operating room time needed to set up ION increases resource utilization and ultimately cost. Although the study by James et al 13 shows that there is a trend toward an increased use of ION for spine surgery as a whole because it is becoming more available and surgeons are adopting this technology into their practice, the decreased utility of ION specifically for ACDFs observed in the present study shows that surgeons are selective in their indications for ION.
The study by Epstein et al 4 was one of the first to demonstrate better outcomes in cervical spinal surgery by using ION. In their series, 100 patients who had cervical spine surgery with continuous SSEPs were compared with 218 historical control patients who had no SSEPs. Four percent of the patients in the nonmonitored group developed quadriplegia compared with none of the patients in the monitored group. Improved outcomes with ION in the study were attributed to early detection of impending neurological injury by SSEPs, which allowed prompt reversal of hypotension, distraction, and manipulation of the spinal cord. Since the publication by Epstein et al, 4 the use of ION has been found to be of limited value by several authors. Taunt et al 5 reported on 163 patients who had ACDFs with continuous SSEPs. Three (1.8%) false positives were noted in which intraoperative SSEP alerts did not correlate with postoperative neurological deterioration and one (0.6%) false negative was noted in which a new postoperative neurological deficit developed without a SSEP alert. In a series comparing 577 monitored patients with 462 control patients who had ACDF surgery, Smith et al 14 reported no new postoperative neurological deficits in the control group compared with one deficit in the monitored group despite normal SSEP signals. Due to the fact that SSEPs only monitor the ascending sensory pathways in the dorsal spinal cord, some authors have advocated for the additional use of MEPs to monitor the ventral corticospinal tract especially in anterior cervical spine surgery.
Bose et al 15 published a study on a series of 119 patients who had anterior cervical spine surgery with combined MEPs and SSEPs. Three patients developed neurological deficits postoperatively-one of which was detected by MEPs. In the remaining two patients who developed a new postoperative neurological deficit (including one patient who developed quadriparesis), the authors reported that preexisting pathology and/or anesthetic effects compromised the detection of neurological changes by ION. Lee et al 16 also published on a series of 1445 patients who had anterior cervical surgery with MEP, SEP, and electromyography (EMG). ION alerts were observed in 267 (18%) patients. Eight surgeries needed to be aborted due to persistent MEP/SSEP amplitude loss. However, none of these eight patients developed a new postoperative neurological deficit. This finding calls the utility of combined MEP/SSEP ION for anterior cervical spine surgery into question, as this modality may be too sensitive in detecting subclinical ION amplitude loss that may not necessarily manifest as a new postoperative neurologic deficit. This observation likely explains the findings in our study that shows that among cases that utilized ION, there was a steady decrease in the combined use of SSEPs and MEPs over the duration of the study period from 34.7% (in 2007) to 12.7% (in 2014).
The overall incidence of neurological injuries after ACDF surgery observed in this study is 0.27%, which is within the range of 0% to 4% reported in the literature. 5, 13, 14, 16, 17 In this study, the use of ION did not decrease the rate of postoperative neurologic deficits. Similarly, Bose et al Regional variation was observed in the use of ION for ACDFs, which is consistent with other published studies. 13, 18 However, this is the first study to report on agerelated variation in the utility of ION. Some of the factors that may be responsible for these findings include availability of ION, concerns about the cost of ION, as well as litigation and medical malpractice claims in various parts of the United States.
LIMITATIONS
Although the Pearldiver database has been successfully utilized in the past to address research questions in a variety of orthopedic subspecialties, there are some limitations inherent in using this administrative database. Important clinical information such as disease severity, intraoperative events, surgery complexity, and neuromonitoring sensitivity, specificity, false-positive, and falsenegative rates are not maintained in this database and therefore could not be assessed in this study. In addition, information on type and severity of neurological complications (i.e., spinal cord vs. nerve root injury, complete vs. incomplete neurological injury, transient vs. permanent neurological injury) are not recorded in this database. Selection bias may also have affected the validity of the results in this study, as a privately insured patient population may have inherent differences compared with patients with nonprivate insurance such as Medicare or Medicaid. To the best of our knowledge, there are no studies linking insurance status on ION availability and/ or utility. Lastly, as with most studies utilizing large population-based administrative database, the accuracy of coding diagnosis and procedures by a medical coder ultimately depends on the coder's training and experience and the quality of documentation by the physician. Despite these limitations, we believe that this study is valuable because of its large sample size and homogenous sample of ACDFs specifically for spondylotic myelopathy/radiculopathy. In addition, a large administrative national database study provides national trends for ACDF surgeries in the United States.
CONCLUSION
Using a large administrative database of privately insured patients, we found that only 17.1% of ACDFs for spondylotic radiculopathy/myelopathy in the United States are done with ION and there was a decline in the use ION over the past several years. Use of ION did not further prevent postoperative neurological complications for ACDFs as compared with the cases without ION. This study adds information to the growing body of literature that questions the value of ION for ''low-risk'' surgeries such as ACDF.
Key Points
Controversy exists in the utility of routine use of intraoperative neuromonitoring (ION) for anterior cervical discectomy and fusion (ACDF) for degenerative conditions without deformity. On a national level, there has been a significant decrease in the use of ION for ACDF. The overall risk of neurological complications after ACDF is low (<1%). The use of ION did not further prevent postoperative neurological complications for ACDFs as compared with the cases without ION. The utility of routine ION for ACDFs is questionable.
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